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Antioxidant enzymesIn this study, we examined the physiological mechanisms in the responses of Arabidopsis mutant sensitive to
ABA and drought 2–1 (sad2-1) to ultraviolet-B radiation (UVB) treatments. The effects of enhanced UVB
radiation on plant growth, concentration of UV-absorbing compounds, photosynthesis, endogenous ABA and
antioxidant system were investigated in two types of Arabidopsis thaliana — the mutant sad2-1 and the wild
type (WT, C24). Results indicated that, under UVB radiation, mutant sad2-1 showed a higher resistance than
C24 through accumulatingmoreUV absorptionmaterials, maintaining bio-membrane balance and photosynthe-
sis efﬁciency, enhancing endogenous ABA content and activating ROS scavenging enzymes. It can be postulated
that ABA might participate in a complex signal crosstalk in increasing the tolerance of UVB.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
As a sort of solar electromagnetic radiation, UVB (280–320 nm)
radiation is component of UV light in the range of 200 to 400 nm
(Frohnmeyer and Staiger, 2003). Due to the release of anthropogenic
pollutants, such as chloroﬂuorocarbons, the ozone layer has been
thinning in the last 60 years (Pyle, 1997). As a consequence, a
growing amount of UVB reaches the biosphere (Li et al., 1993),
which severely affects terrestrial ecosystems. UVB radiation mainly
targets three important features of plant cells: the genetic system
(e.g., DNAs, RNAs) (Stapleton, 1992), membranes, and photosynthe-
sis (Björn, 1996). For instance, excessive exposure to UVB radiation
gives rise to the constraint of photosynthesis and causes an imbalance
of active oxygen and hormone metabolism in plants (Jansen et al.,
1998), which results in the inhibition of plants growth, productivity
and quality. Effects of UVB radiation can be attenuated by plant
self-repairing mechanisms (Bergo et al., 2003), such as DNA self-
repair (Liu et al., 2003; Hidema et al., 2007), ROS scavenging (Carletti
et al., 2003) and escape (Bieza and Lois, 2001) by increasing the amount
of UVB absorbing compounds.
Under low-dosage UVB radiation, a notable accumulation of UV-
absorbing compounds can be observed. These compounds, such asocheng University, Liaocheng
0714; fax: +86 635 823 9908.
M. Chen),
by Elsevier B.V. All rights reservedﬂavonoids and hydroxycinnamic acid derivatives (sinapate esters),
act as protective screens within the leaves, protecting the chloro-
plasts and UV-sensitive molecules from damage caused by UVB radi-
ation (Li et al., 1993; Interdonato et al., 2011; Landry et al., 1995;
Bieza and Lois, 2001). Studies have shown that C4H (cinnamate
4-hydroxylase gene) and CHS (chalcone synthase gene) are responsi-
ble for the accumulation of UV-absorbing compounds like ﬂavonoid
and sinapate esters in Arabidopsis (Milkowski and Strack., 2010; Jin
et al., 2000), and play a signiﬁcant role in regulating plant resistance
to UVB (Kliebenstein et al., 2002). Moreover, it has been suggested
that the transcription repressor MYB4 impedes the accumulation of
UV-absorbing compounds through restricting the expressions of
C4H and CHS in a location-dependent manners (Zhao et al., 2007;
Jin et al., 2000).
Besides, abscisic acid (ABA) is widely recognized as the key trigger-
ing agent of stomatal closure, but it may have other roles to play in the
adaptation of plants to UVB radiation (Yang et al., 2000, 2005). The
interactive effects of UVB and exogenous ABA on growth and biomass
allocations of tree species were also reported in some studies (Duan et
al., 2008; Lu et al., 2009). Further, Berli et al. (2008) suggested that
the defense system of grape leaf tissues against UVB is activated by
UVB irradiation with ABA acting downstream in the signaling pathway.
Furthermore, ABA and nitric oxide (NO) concentrations were found
increasing rapidly and signiﬁcantly in leaves of maize (Zeamays) irradi-
ated with UV-B, indicating that ABA–NO systemwas functional in plant
responses to UV-B (Tossi et al., 2009). Most recently, Tossi et al. (2012)
also proposed that the increase of ABA resulting from the exposure to.
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ing pathways involving Ca2+ and NO. However, more information
concerning the mechanisms underlining the ABA-associated UVB resis-
tance processes is required.
The Arabidopsis thaliana mutant sensitive to ABA and drought 2–1
(sad2-1) has been isolated from a T-DNA mutagenized population of
RD29A:LUC plants, carrying a T-DNA insertion in an importinβ-like
gene. Sad2-1 was reported to be hypersensitive to ABA and stress in
seed germination (Verslues et al., 2006). Also, sad2-1 was reported
to be more tolerant to UVB radiation than the wild type, since it expe-
rienced a signiﬁcant increase of UV-absorbing compound synthesis
while being exposed to UVB radiation due to the inaccurate locating
of AtMYB4 (Zhao et al., 2007). However, the physiological relevance of
UVB absorbing compounds as UVB “sun-screen” in the bio-membrane
system and photosynthesis of sad2-1 in response to UVB has not been
reported. Furthermore,was it of interest to determine the role of endog-
enous ABA in the responses of plants to UVB?
To address this question, we investigated the effects of UVB on UV
absorbing compounds, membrane system, photosynthesis and active
oxygen metabolism in Arabidopsis using both wild-type and mutant
sad2-1 seedlings in this study.
2. Materials and methods
2.1. Plant material
Arabidopsis thalianawild type C24 and sad2-1mutants used in this
study were obtained from the College of Biological Sciences of China
Agricultural University.
2.1.1. Seedling culture
Arabidopsis thaliana seeds of C24 (wild-type) and sad2-1 were
surface-sterilized by brief immersion in 70% ethanol followed by 3.6%
(v/v) sodium hypochlorite (Sigma, USA) with vigorous shaking for
15 min. The seeds were then washed thoroughly with sterile distilled
water and germinated on MS basal medium (Murashige and Skoog,
1962) containing 3% sucrose and0.7% agar (pHwas adjusted to 5.8 before
autoclaving at 121 °C for 20 min). The seedlings were transplanted into
cultivation pots containing vermiculite and nutritive soils (V: V=1:1)
when the seedlings were 7 days old. Culture conditions were set as
l6 h/8 h (light/dark) and temperature was 22 °C/18 °C (light/dark). The
seedlings were treated after 30 days.
2.1.2. UVB treatment
Seedlings were treated using UV ﬂuorescent lamps (emitting radi-
ation in the range of 275 to 380 nm with a peak at 308 nm, obtained
from Beijing Electronic Resource Inc., Beijing, China). There was no
natural UVB radiation in our experiment condition. The spectral irra-
diance from the lamps at plant level was determined using a USB2000
Fibre Optic spectrometer (wavelength steps of 0.36 nm in the UV and
visible range, OceanOptics Inc., Dunedin, FL, USA)with a CC-3-UVCosine
Corrector. Before the measurements, the spectrometer was calibrated
with DH2000-CAL Radiometric Calibrated Deuterium Tungsten Source
(210–1050 nm, National Institute of Standards and Technology-
traceable Calibration, Ocean Optics Inc.). C24 and sad2-1 seedlings
were treated with UVB (10,000 muJ/cm2) for 3 h. At the end of this
treatment, plants were cultured for 6 h and then the leaves were cut,
weighed and frozen in liquid nitrogen for index determination.
2.2. Determination of the relative indicator
2.2.1. Determination of MDA levels, H2O2 content and relative electrical
conductivity
Lipid peroxidation was determined by measuring the amount of
malondialdehyde (MDA) produced by the thiobarbituric acid reaction
as described by Hodges et al. (1999). The MDA concentration wascalculated using the molar extinction coefﬁcient (155 mM−1·cm−1),
and the results were expressed as μmol (MDA) g−1 FW.
Hydrogen peroxide (H2O2) was quantiﬁed spectrophotometrically
according to the modiﬁed method of Wolfe (1962). Leaf samples
(0.5 g) were homogenized in 5 ml of acetone. The homogenate was
centrifuged at 2000 ×g for 10 min at 10 °C. The supernatant (1.0 ml)
was mixed with 0.1 ml of 20% titanium chloride and 0.2 ml of 28% am-
monia, and then the mixture was centrifuged at 2000 ×g for 10 min at
10 °C. The sediment was dissolved by adding 5 ml of 2 mMH2SO4, and
the intensity of the yellow color of the supernatant was measured at
410 nm.
Membrane permeability was determined by the method of relative
conductivity (Saltveit, 1991). In brief, leaves were rinsed with distilled
water to remove ion contamination on the surface. Leaf discs (7 mm
in diameter) were placed in a 20×150-mm glass tube containing
15 ml of distilled water. The test tubes were subjected to vacuum to re-
move air bubbles adhering to the surface of the leaves. The tubes were
shaken for 3 h at room temperature. After that, the conductivity of the
solution was measured by using a conductivity meter (DDS-11A). The
solutions were then boiled at 100 °C for 30 min to completely disrupt
the cell structure. The electrolyte conductivities of the boiled solution
were recorded as the absolute conductivity after cooling at room tem-
perature. The percentage of electrolyte leakage (membrane permeabil-
ity) was calculated by dividing the initial conductivity by the absolute
conductivity.
2.2.2. Determination of the activity of the antioxidant enzymes
Peroxidase (POD) activitywas assayed fromplantmaterials according
to Chance andMaehly (1955). Activitywas determined in a reactionmix-
ture consisting of 100 mMphosphate buffer (pH 7.0), 0.05 mMguaiacol,
and 2% H2O2, and activity was indicated by the change in guaiacol at
470 nm. The results were calculated in terms of micromoles of guaiacol
oxidized per minute.
Catalase (CAT) activity of leaf tissues was measured by following
the decomposition of H2O2 at 240 nm (E=39.4 mM−1·cm−1) in a
reaction mixture containing the appropriate extract in 100 mM phos-
phate buffer (pH 7.0) according to Rao et al. (1997). The reaction was
initiated by the addition of 10% H2O2 and 1 U of CAT activity was de-
ﬁned as micromoles of H2O2 degraded per minute.
Superoxide dismutase (SOD) activity was assayed from plants by
monitoring the inhibition of the photochemical reduction of nitro
blue tetrazolium (NBT) according to Cavalcanti et al. (2004). One
unit of SOD activity was deﬁned as the amount of enzyme required
to cause 50% inhibition in the reduction of NBT at 560 nm, andexpressed
in units per milligram of protein. Activity was expressed as units per
gram (U/g) protein. Protein concentrations were determined by the
Bradford method (Bradford, 1976) using Bio-Rad reagents, and with
BSA as a standard.
Ascorbate peroxidase (APX) activity was assayed according to
Jimenez et al. (1997). Activity was determined in a reaction mixture
consisting of 50 mM phosphate buffer (pH 7.0), 0.5 mM ascorbate,
0.1 mM EDTA and 0.1 mM H2O2. Activity was indicated by the change
in absorbance at 290 nm (E=2.8 mM−1 cm−1). The results were cal-
culated in terms of micromoles of ascorbate oxidized per minute.
2.2.3. Determination of the UV-absorbing compounds and
pigment contents
Flavonoid was measured according to Caldwell et al. (1998). 0.2 g
of leaves was homogenized in liquid nitrogen in a mortar and then
3 ml of ice-cold acidic methanol (HC1:methanol=1:70, v/v) was
added and the extract agitated overnight. The extract was centrifuged
at 2000 ×g for 15 min at 4 °C and the absorbance of the supernatant
determined spectrophotometrically at 330 nm. Results are expressed
as A330/g fresh weight.
Samples of fully expanded leaves were taken for determination of
pigment content. Samples were weighed, and then homogenized in
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Carotenoid (Car) content was determined spectrophotometrically
(Unicam UV-330, Unicam, Cambridge, UK) at 470, 646 and 663 nm, re-
spectively. Carotenoid content was calculated according to Wellburn
(1994) and concentrations expressed on a fresh weight basis.
The fully expanded leaves were sampled at midday to determine
anthocyanin concentration. The relative amounts of anthocyanins
were assessed spectrophotometrically from the absorbance of acidi-
ﬁed methanol (methanol:water:HCl=79:20:1, V/V) leaf extracts as
described by Mancinelli (1984), and chlorophyll and degradation
products were corrected using the value: A530 nm–0.25 A657 nm.2.2.4. Measurement of net photosynthesis rate
Net photosynthetic rate (Pn) and stomatal conductance (Gs) were
measured using an open gas exchange system (LI 6400; LI-COR, Inc.,
Lincoln, NE, USA) according to Surabhi et al. (2009). Chlorophyll ﬂuo-
rescence parameters were measured using a chlorophyll ﬂuorescence
meter (OS-30P) according to Schreiber et al. (1986). The leaves had a
dark adaptation for 30 min before measurement.2.2.5. Measurement for Photochemical reﬂectance index (PRI)
Photochemical reﬂectance index (PRI) has a highly positive corre-
lation with Fv/Fm and photosynthetic rate. It can be used to evaluate
the leaf photosynthetic rate indirectly. PRI wasmeasured according to
Gamon et al. (1997). PRI=(R531−R570)/(R531+R570), R was the
reﬂecting spectrum value under certain wavelength.2.2.6. Measurement of the endogenous ABA content
Five plants were randomly selected from each treatment and then
shoots were obtained from the whole plant used for the determina-
tion of ABA content according to Arenas-Huertero et al. (2000). To
quantify the ABA relative content, 5 mg of leaves of C24 and sad2-1 seed-
lings was homogenized in 1 ml of ABA-extraction buffer (according to
Arenas-Huertero et al., 2000). Extraction was shaked overnight at 4 °C.
The supernatant was collected and neutralized with 15 μl of 1 M
NaOH. ABA was measured with a Phytodetek-ABA-kit (Sigma, Inc.)
using the protocol provided.2.2.7. Statistical analyses
Each experiment was repeated at least three times. Values were
expressed as mean±SE. Statistical analyses were performed using
SPSS 11.5.Fig. 1. Effects of UVB treatment on seedling growth. This set of pictures showed both wild
exposed to UVB irradiation (10,000 muJ/cm2) for 60 min. At the end of the 7th day, picture3. Results
3.1. Effects of UVB on seedling growth
Overall, the sad2-1 seedlings grew as well as WT plants under nor-
mal conditions (without UVB treatment) in MSmedium and both had
reduced fresh weight, dry weight and stem height under UVB (data
not shown). However, after UVB treatment, growth of wild type seed-
lings was severely inhibited, with evidence of both leaf and seedling
senescences, whereas sad2-1 seedlings showed only a slight growth
inhibition (Fig. 1).
3.2. Effects of UVB on UV-absorbing material synthesis
In a variety of plant species the generation of UVB absorbing ma-
terials, such as ﬂavonoids and anthocyanin is produced in a UV-
dependent pathway. Our results showed that UVB generally had a
greater impact on the generation of these compounds in sad2-1
than in C24 (Fig. 2.). UVB treatment led to an accumulation of ﬂavo-
noids in both C24 and sad2-1, rising by 42.3% and 72.7% when com-
pared to seedlings not exposed to UVB (Fig. 2A.). In contrast, UVB
treatment contributed to a signiﬁcant increase of the anthocyanin
content in sad2-1 while no such effect was evident in C24 (Fig. 2B.).
3.3. The effects of UVB on endogenous ABA content
ABA is reported to play a role in the adaptation of plants to UVB
radiation (Yang et al., 2005). We investigated the impacts of UVB on
endogenous ABA production in wild type and the mutant sad2-1,
and found that UVB radiation signiﬁcantly enhanced endogenous
ABA content in sad2-1 based on SPSS analysis (Fig. 3.), showing a dra-
matic rise of 217% relative to the untreated control. In contrast, no
signiﬁcant change of endogenous ABA content in C24 was observed.
3.4. Effects of UVB on relative electrical conductivity, MDA content, H2O2
content and the activities of anti-oxidative enzymes
Exposure to excessive UVB results in a bio-membrane damage in
plants. Therefore, we examined the electrical conductivity, MDA con-
tent, H2O2 content and the activities of antioxidant enzymes to ex-
plore the physiological responses of mutant sad 2–1 to UVB.
The relative electrical conductivity reﬂects the degree of electro-
lyte leakage of plasma membrane. The greater the relative electrical
conductivity is, the more serious the damage to the plasma mem-
brane is. In contrast with a marked increase in the relative electrical
conductivity of the C24 (increased by 31.9% in comparison withtype (C24) and sad 2–1 seedlings growing for 7 days in the MS medium after being
s of these seedlings were taken. Bars=1 cm.
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Fig. 2. Effects of UVB on UV-absorbing materials synthesis in WT (C24) and sad 2–1
lines. (A: ﬂavonoids content; B: anthocyanin content). Note: A single asterisk (*) and
a double asterisk (**) indicate a statistical difference at Pb0.05 and Pb0.01 respectively
between control and UVB treatments. Bars indicate the mean±SD (n=5).
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the sad 2–1 showed just a slight rise (increased by 15.2% in compari-
son with control) (Fig. 4A), indicating that the membrane damage of
the C24 was more serious than that of the sad2-1.
MDA, produced by lipid peroxidation, is also usually used as an in-
dicator of membrane injury. In this study, UVB treatment increased
the MDA contents of both the C24 line and the sad2-1 line (Fig. 4B),
however, both were not signiﬁcant when compared with control
(17.3% and 8.4% of the control, respectively). Although both relative
electrical conductivity and the MDA content reﬂect the membrane in-
jury, in the present study, we found no interrelation between them.**
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asterisk (**) indicate a statistical difference at Pb0.05 and Pb0.01 respectively between
control and UVB treatment. Bars indicate the mean±SD (n=5).Plants are subjected to oxidative damage and lipid peroxidation
resulting from an excessive production of H2O2 following exposure
to UVB. According to Fig. 4C, treatment with UVB increased the
H2O2 content of C24 and sad2-1 by 18.5% and 2.7% respectively. Nev-
ertheless, based on the statistical analysis, only the former alteration
showed a signiﬁcant difference.
There was an uptrend of the antioxidant enzyme activities in C24
and sad2-1 with UVB treatment. In the present study, the activity of
SOD, POD and CAT was examined and the results are shown in
Fig. 4D, E and F. Conclusions could be drawn that, in contrast with
the C24, UVB treatment signiﬁcantly promoted SOD and POD activi-
ties in sad2-1, which increased by 19.8% and 36.1% respectively.
Moreover, an increase of CAT activity in the C24 and sad2-1 resulting
from exposure to UVB could be observed, reaching a signiﬁcant level
(Pb0.05) and an extremely signiﬁcant level (Pb0.01) respectively.
The APX activity, on the other hand, decreased in both C24 and
sad2-1 lines under UVB treatment, although the change was not nota-
ble (Fig. 4G). These results suggest that sad2-1 is more resistant to
UVB stress than C24 in terms of maintenance of membrane system
stability under UVB, and plant enzymatic system activation contributed
to resistance to UVB stress by removing excessive ROS a process in
which CAT activity appears to play a critical role.
3.5. Effects of UVB on photosynthesis
UVB radiation causes the imbalance of active oxygen and con-
strains photosynthesis in plants (Jansen et al., 1998), resulting in
the inhibition of plant growth, productivity and quality.
The effects of UVB irradiation on photosynthesis in C24 and sad2-1
were examined by quantifying a series of photosynthesis-related
parameters — chlorophyll content, carotenoid content, Fv/Fm, Pn, Gs,
and PRI (Fig. 5.). Both in C24 and sad2-1, chlorophyll content (Fig. 5A.)
and Gs (Fig. 5E.) were reduced slightly by treatment with UVB. In con-
trast, treatment with UVB enhanced the level of carotenoids (Fig. 5B.)
to a small extent in WT (C24) but signiﬁcantly in sad2-1. On the other
hand, in contrast with a slight reduction in sad2-1, UVB treatment con-
tributed to a signiﬁcant decrease of the water content and Pn in C24.
Fv/Fm reﬂects the photochemical efﬁciency of the open PSII reaction cen-
ter. UVB treatment inhibited the function of PSII more severely in C24
than in sad2-1. The Fv/Fm of C24 and sad2-1 was reduced signiﬁcantly
by treatment with UVB, decreasing by 50% and 30% respectively
(Fig. 5C.). The prohibitive effect of UVB on the intensity of photosynthe-
sis of leaves was analyzed by PRI (Photochemical reﬂectance index)
(Fig. 5F.), and the results indicated that the repression of PRI by UVB
treatment was more pronounced in C24 than in sad2-1.
4. Discussion
UVB radiation has disastrous effects on plant morphology, physiol-
ogy and development in many plant species (Mackerness, 2000;
Frohnmeyer and Staiger, 2003). In response to exposure to UV, plants
have developed numerous biochemical mechanisms like activating
the DNA repair mechanisms, promoting the UV absorbing material
synthesis (Interdonato et al., 2011) and activating the ROS scavenging
mechanisms (Jain et al., 2003; Interdonato et al., 2011). On the other
hand, plant hormones such as ABA are also reported to participate in
plant responses to UVB (Zhang et al., 2005). In the present study, by
employing the Arabidopsis mutant sad2-1 and the wild type C24, we
examined the physiological changes in order to reveal the physiolog-
ical mechanisms of sad2-1 in the responses to UVB.
UVB signiﬁcantly impeded the growth of C24while it just had only
a slight impact on sad2-1, indicating that sad2-1 had a stronger resis-
tance to UVB (Fig. 1.). UV absorbing material refers to a class of
substances distributing in leaf epidermal cells. In a variety of plant
species the generation of these compounds is UV-dependent, which
are mainly intermediate products of phenolic metabolites, such as
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Interdonato et al., 2011; Tegelberg et al., 2001). Our results showed
that ﬂavonoids, anthocyanins and carotenoids were increased more
signiﬁcantly by UVB in sad2-1 than in C24, suggesting that the accu-
mulation mechanism of UV absorbing compounds played a pivotal
role in sad2-1 responses to UVB. This is consistent with what was
reported by Zhao et al. (2007).
UV-absorbing materials are essential elements in protecting the
bio-membrane system, since they are responsible for preventing the
damage of UV-induced molecular structure in the inner cell layers
by dissipating the UVB energy (Stapleton., 1992). The present results
showed that the sad2-1 experienced less of a decrease in cell ion leak-
age than C24, and we speculated that the UV-absorbing materials is
involved in this alleviation of membrane injury under UVB.
Further, UVB damages the photosynthesis system to impede plant
growth (Albert et al., 2005). Plants cannot cope with membrane inju-
ry caused by UV exposure, but many of them are capable of avoiding
photosynthesis system damage by accumulating UV-absorbing com-
pounds. For example, PSII is observed to be protected by epidermalscreening, while CO2 assimilation is not (Kolb et al., 2001). Our
results indicated that sad2-1 had a higher photosynthetic efﬁciency
than C24 under UVB. Carotenoids belong to photosynthetic accessory
pigments and participate in the xanthophyll cycle, dissipating excess
light energy. It has been suggested that carotenoids act as antioxi-
dants to inactivate UVB-induced radicals in the photosynthetic mem-
brane (Gotz et al., 1999). Treatment with UVB enhanced the level
of carotenoids to a small extent in WT (C24) but signiﬁcantly in
sad2-1, suggesting that sad2-1 has higher light protection and antiox-
idant capacity than C24. Fv/Fm is the maximal photochemical efﬁcien-
cy of PSII (light reaction system II) under dark adaptation, and it
reﬂects the photochemical efﬁciency of the open PSII reaction center.
The decrease of Fv/Fm easily leads to an increase in reactive oxygen as
well as reduces the effectiveness of photosynthesis. UVB treatment
decreased the Fv/Fm of C24 and sad2-1, indicating that UVB treatment
inhibited the function of PSII. However, the repression in C24 was
more severe than that in sad2-1. PRI (Photochemical reﬂectance
index), Fv/Fm and photosynthetic rate are positively correlated
(Gamon et al., 2001; Richardson et al., 2002). Usually, PRI is used to
85M. Chen et al. / South African Journal of Botany 85 (2013) 79–86evaluate the intensity of photosynthesis of leaves. The repression of
the PRI by UVB treatment was more signiﬁcant in C24 than in
sad2-1, which meant UVB could severely impede the photosynthesis
efﬁciency in C24 than in sad2-1.
Since the UV absorption materials are located on the leaf surface
and can protect the internal cell of leaf and photosynthetic structure
systems by absorbing UVB (Surabhi et al., 2009), we suggest that
owing to the accumulation of these compounds, sad2-1 had less pho-
tosynthetic system damage than C24.
ABA, a stress hormone, is beneﬁcial for ROS scavenging and plant
resistance to environmental stresses (Yang et al., 2000). A study
showed that ABA was involved in the response of grape leaf tissues
to UVB radiation by activating antioxidant enzymes and membrane
sterols (Berli et al., 2008). The production of ROS such as peroxide
radicals, hydrogen peroxide and hydroxyl radicals and formation of
reactive oxygen species scavengers can be triggered in plants by var-
ious environmental stresses, such as salinity, drought and pathogen
infections (Prasad, 1997). ROS induction is also known as one of the
early effects of exposure to UVB radiation and membrane damage
(Takeuchi et al., 1995; Hideg and Vass, 1996). The generation and re-
moval of ROS in plants play an essential role in the plant resistance
under stresses, since ROS functions in a dosage-dependent way. Once
redundant ROS cannot be promptly removed, the ROS homeostasis
will be broken, leading to the cell damage. Exposed to UVB, plants are
afﬂicted with severe biological macromolecule damage as well as an
eruption of ROS (Jain et al., 2003). Sequence analysis in sad2-1 showed
that the T-DNAwas inserted in the seventh intron of At2g31660 and has
been reported to be speciﬁc to ABA response. Therefore, what we are
interested in is to explore the effects of UVB on endogenous ABA pro-
duction in sad2-1 and its possible function. Results showed that UVB
radiation signiﬁcantly increased the leaf endogenous ABA content of
sad2-1. Compared with the C24, the membrane system in sad2-1 was
less destroyed since it had stronger ROS scavenging capacity. Due to
the differences of the UV absorbing materials formation, the sad2-1
had a lower level of ROS generation and a stronger ROS scavenging ca-
pacity than C24. Therefore, we presumed that endogenous ABA might
be involved in the response of Arabidopsismutant sad2-1 to UVB radia-
tion by enhancing antioxidant enzymes. On the other hand, reduced
photosynthesis under UVB has been attributed to stomatal closure
(Teramura, 1983), but in the present study no signiﬁcant differences
of Gs in both C24 and sad2-1 can be observed with or without UVB re-
spectively, indicating that ABA was not associated with the protection
of photosynthesis through a stomata regulation pathway.
In conclusion, underUVB radiation,mutant sad2-1 showed ahigher re-
sistance than C24 through maintaining bio-membrane balance, accumu-
lating more UV absorption materials, activating ROS scavenging enzymes
and enhancing photosynthesis efﬁciency. It can be postulated that ABA
might participate in a complex signal crosstalk in increasing the tolerance
of UVB. However, the special mechanisms remain far from clear.
5. Conclusion
The sad2-1 had a stronger UVB tolerance than C24 mainly due to
the accumulation of UV-absorption materials which could prevent
the internal cell of leaf from damage, beneﬁt the photosynthesis per-
formance. ABA may act as a signal in regulating the ROS scavenging
system to increase the tolerance of sad2-1 under UVB.
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